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ABSTRACT

Bovine Respiratory Syncytial Virus (BRSV), Bovine 
Parainfluenza 3 (BPI3) and Mannheimia haemolyti- 
ca (Mh) are major respiratory pathogens in the bovine 
respiratory disease complex. It is important to optimize 
passive and active immunity to these pathogens early 
in life to reduce clinical and subclinical productivity 
losses. The administration of inactivated, adjuvanted 
and multivalent vaccines, such as Bovilis® Bovipast RSP 
(Bovipast), and Bovalto® Respi 3 (Bovalto) to calves, may 
enhance cellular and humoral immunity against BRSV, 
BPI3 and Mh. A field trial evaluated the immune re­
sponses to these three agents in the first year of life in 
12 Bovipast and 13 Bovalto vaccinated calves, and 5 neg­
ative control calves. Calves were vaccinated starting at 
2 weeks of age and revaccinated 4 weeks later (primo 
vaccination). A booster vaccination was given at approx­
imately 10 months of age. Serum samples were taken at 
time intervals up to 6 months after primo vaccination 
and up to 1 month after the booster vaccination. BRSV 
serum titres were evaluated using a serum neutralisation

assay (SN), and BRSV, BPI3 and Mh titres were evaluat­
ed using a commercial enzyme linked immunosorbent 
assay (ELISA) test. Serum antibodies after primo and 
booster vaccinations in the individual calves were eval­
uated by calculating the areas under the curve (AUC) of 
the Log2 transformed BRSV SN titres and the optic den­
sity measures of the ELISA tests for BRSV, BPI3 and Mh. 
Multivariate general linear models were used to evaluate 
the influence of the vaccination on the AUC of the se­
rum measures within 6 months after the primo vaccina­
tion. Similarly, models evaluated the AUC of the serum 
measures after the booster vaccination. The Bovipast 
vaccinated calves had significantly higher SN and ELISA 
titres AUC following the primo vaccination and boost­
er vaccinations compared to the negative control calves 
and the Bovalto vaccinated calves. The Bovalto vacci­
nated calves did not have a significantly different BRSV 
SN and ELISA titres AUC response after the primo or 
booster vaccinations compared to the negative control 
calves. The serum antibody responses to BPI3 and Mh 
in the vaccinated calves were less pronounced than the 
Bovipast BRSV antibody response. Bovipast and Boval-
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to vaccinated calves mounted a significantly higher AUC 
ELISA OD for both BPI3 and Mh and the highest AUC 
was measured in the Bovipast vaccinated calves. This 
study indicated that early vaccinations of calves with 
multivalent adjuvanted inactivated BRD vaccines, such 
as Bovilis® Bovipast RSP can elicit a humoral response 
with a cellular-mediated memory effect as indicated by 
the booster vaccination.

Key words: Bovine Respiratory Disease; BPI3; BRSV; 
comparison; field study; Mannheimia haemolytica; neu­
tralization; respiratory; vaccination

INTRODUCTION

Bovine respiratory disease (BRD) in calves is a complex 

and multifactorial disease, causing huge financial losses to 

the dairy and beef industry worldwide in veterinary treat­

ment costs and reduced performance [3, 4, 13]. Bovine 

Respiratory Syncytial Virus (BRSV), Bovine Parainfluenza 

3 virus (BPI3), bovine herpesvirus type 1 (BHV-1), bo­

vine coronavirus (BCoV), Mannheimia haemolytica (Mh) 
and Mycoplasma bovis are considered as major or primary 

agents able to initiate BRD pathology. Other agents like 

Pasteurella multocida, Histophilus somni are generally con­

sidered as secondary or opportunist pathogens. With in­

creasing threats of antimicrobial resistance due to antimi­

crobial prophylactic, metaphylactic and therapeutic BRD 

treatments, multivalent BRD vaccines are of increasing 

importance.

The bovine respiratory syncytial virus (BRSV) is a ma­

jor pathogen within the BRD complex and cattle popula­

tions around the world are infected. Seroprevalences in 

infected herds can reach nearly the entire herd and many 

countries report that most herds are seropositive. BRSV in­

fection predispose calves to secondary bacterial infection, 

resulting in the BRD complex [18].

BRD is mostly affecting young calves from the first days 

of life and BRSV-associated respiratory disease is most 

pronounced in calves less than 6 months of age. Therefore, 

it is important to optimize passive and active immunity to 

these pathogens early in life to reduce clinical and subclin­

ical productivity losses. Pregnant cows could be vaccinated 

to transfer specific immunity by colostrum and calves may 

be vaccinated early in life to develop their own immunity

quickly. However, some vaccines may be adversely affected 

by interference from maternal antibodies or unfavourable 

nutritional conditions [2]. As BRD may affect young calves 

after the decline of the maternal antibodies, vaccination 

against BRD pathogens should target calves in the first 

weeks of life, when maternal antibody levels are still rea­

sonably high.

It is difficult to draw general conclusions about the im­

munity and protection induced by BRD vaccines. Differ­

ences in strains and adjuvant composition, or other differ­

ences in formulation, such as antigenic mass, the inactiva­

tion process, may be responsible for induction of disparate 

immune responses by 2 apparently similarly adjuvanted 

vaccines [9].

The multivalent, adjuvanted and inactivated respira­

tory disease vaccines Bovilis® Bovipast RSP (Bovilis Bovi- 

grip: product name in France/ Bovigrip® RSP plus: product 

name in Germany) (Bovipast) from MSD Animal Health 

and Bovalto® Respi 3 (Bovalto) from Boehringer Ingelheim 

can be administrated to calves from two weeks of age and 

these contain inactivated BRSV, BPI3 and Mh strains. For 

Bovipast it has been demonstrated that protection against 

BRSV, BPI3 and Mh infection is provided even in the pres­

ence of maternal antibodies. The Bovalto vaccination effi­

cacy has only been proven in seronegative animals, and the 

efficacy of the vaccination has not been demonstrated in 

the presence of maternal antibodies. Consequently, the lev­

el of antibody response after Bovalto administration may 

be reduced by maternal antibodies. It is difficult to find and 

keep calves seronegative for these respiratory pathogens in 

commercial farms since most dairy cows have been vacci­

nated or exposed to the viruses and transmit colostral an­

tibodies to the calf. The BRSV seroprevalence in infected 

herds can reach nearly the entire herd and many countries 

have reported the prevalence of infected herds of 80 % or 

higher. Also, a BPI3 seroprevalence above 50 % is common­

ly reported in European countries [18]. Serum antibody re­

sponse may be used to evaluate vaccination response and 

clinical risk of a respiratory challenge with BRSV has been 

shown to be correlated with neutralising antibody titres 

[25]. Virus neutralisation is a technique that makes it pos­

sible to objectively evaluate and compare the neutralisation 

capacity of the serum from vaccinated animals.

The objective of this field study was to evaluate the se- 

roneutralising antibody responses against BRSV and spe­

cific humoral (IgG) response to BRSV, BPI3 and Mh in
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young calves vaccinated with either Bovipast or Bovalto 

and non-vaccinated calves between 15 to 30 days of age, 

and after revaccination 9 to 11 months later.

MATERIALS AND METHODS

This study was performed on a dairy farm official­

ly free from bovine viral diarrhoea (BVD) and infectious 

bovine rhinotracheitis (IBR) in Maine-et-Loire, France. 

The farm had no previous history of BRD in calves and no 

BRD vaccinations had been performed. Thirty calves born 

at the farm during the fall season of 2016 were included. 

All calves received at least three litres of colostrum dur­

ing the first 6 hours of life according to farm protocols and 

were healthy at the time of the enrolment. All calves were 

raised under the same conditions as regards management, 

housing and feeding throughout the study. The calves were 

raised in individual igloo type hutches separated by at least 

a 40 cm space, thus not allowing nose to nose contact until 

after weaning at 2.5—3 months of age. After the first colos­

trum feed, the calves were fed farm whole fresh milk. Af­

ter weaning between two to three months the calves were 

placed in group housings of 4—5 calves per group for a few 

weeks. Thereafter the calves were mixed in larger groups 

of approximately 20 calves in semi-enclosed buildings 

providing protection from rain and wind. There was no 

introduction of calves from other farms during the study 

period.

Healthy calves were randomly allocated to either vac­

cine groups Bovipast or Bovalto, or non-vaccinated Con­

trol group during each vaccination visit by the local prac­

titioner who performed the vaccinations. Control calves 

were included in the first 5 vaccination visits to evaluate 

farm background levels of exposure to the respiratory 

agents. The calves were sequentially allocated to treatment 

and were group housed mixed together after the individual 

hutch period. The Bovipast group consisted of 12 calves, 

the Bovalto group of 13 calves and the control group of 

5 calves. Both vaccines are composed of three inactivat­

ed pathogens. The Bovipast vaccine contains the BRSV 

strain EV908, PI3 strain SF-4 Reisinger and M. haemolyti- 
ca A1 strain M4/1-IRP. The Bovipast vaccine used were in 

50 ml bottles and the vaccine dose was 5 ml. The Bovalto 

vaccine contains the BRSV strain BIO-24, PI3 strain BIO-23 

and M. haemolytica A1 strain DSM 5283. The Bovalto

vaccines used were in 10 ml bottles and the vaccine dose 

was 2 ml. The study calves were in contact with non-study 

calves in the group housing pens.

The calves in the two vaccine groups were primo 

vaccinated at an age of 14—28 days (T0) and a second 

time 1 month later (T0+1m) and booster vaccinated at 

9— 11 months of age (T10). Blood samples were taken at 

T0, and thereafter every 2 weeks until 3 months after T0 

(T0+0.5m, T0+1m, T0+1.5m, T0+2m, T0+2.5m, T0+3m). 

Thereafter, monthly blood samples were taken between

4 and 6 months after the first vaccination (T0+4m, T0+5m, 

T0+6m). Serum samples were taken at the booster vac­

cination (T10), and thereafter 2 weeks (T10+0.5m) and 

1 month (T10+1m) after T10.

The serum was collected and transported cooled to the 

laboratory. All samples were analysed with ELISA kit BioX 

K 369 MULTISCREEN for serodiagnosis of BRSV, BPI3, 

and Mh (BioX Diagnostics SA, Rochefort, Belgium). The 

tests were 96-well microtitration plates sensitized with 

monoclonal antibodies specific to BPI3 and BRSV and pu­

rified lipopolysaccharide (LPS) of Mh. The seroneutralisa- 

tion assay previously described was adapted for BRSV se- 

roneutralising antibody detection [5]. Heat inactivated se­

rum samples were two-fold diluted in minimum essential 

medium (1 : 2 to 1 : 4096) in 96-well plates. One hundred 

TCID 50.50 pl-1 of the 220/69 virus strain (from Belgium) 

suspension were added to each well. After homogeniza­

tion, plates were incubated one hour at 35 °C ± 1 °C and 5 % 

CO2. A bovine foetal kidney cell suspension containing 

100 000 cells.ml-1 was added in each well. After homogeni­

zation, plates were incubated 4 to 5 days at 35 °C ± 1 °C and

5 % CO2. Cell culture control, positive and negative con­

trol sera were added in each assay. Virus strain suspension 

used in the assay was also titrated. Conformity of all these 

parameters was checked for validation of the assay. The 

end-point titre was determined as the inverse of the high­

est dilution of serum that inhibited viral cytopathogenic ef­

fects. Seroconversion was defined as a four-fold increase in 

BRSV titres. The optic density (OD) measures of the ELISA 

tests and Log2 of SN titres were used as outcomes.

The results were entered into a spreadsheet by the study 

investigator. The data were verified and subsequently an­

alysed using the statistical software SAS 9.4. The number 

and % of calves in the respective groups that had SN ti- 

tres > 16 (4Log2) were evaluated. Univariate analysis was 

performed of the outcomes and the calves respective AUC
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values to evaluate their distributions for further statistical 

modelling [15]. To determine the effect of the level and du­

ration of immunity, the area under the curve (AUC) was 

calculated for the period T0+1.0m to T0+6m (AUC-pri- 

mo), and for the period T10m to T10+1m (AUC-boost- 

er) using Log2 transformed BRSV serum titres and ELISA 

OD measures of the BPI3 and Mh. General linear models 

(GLM) were used for the three agents, to evaluate the influ­

ence of the vaccination on the AUC of the serum measures 

within 6 months after the primo vaccination (AUC-pri- 

mo) with age at vaccination (T0-age) and AUC of serum 

measures at the time of the primo vaccination (AUC-base) 

as covariates. Similarly, general linear models evaluated 

the influence of the vaccination on the AUC of the serum 

measures after the booster vaccination (AUC-booster) 

with the serum titres at the time of the booster vaccination 

(T-booster) as covariates.

RESULTS

All of the enrolled calves completed the first 6-month 

follow-up period of the primo vaccination. Two calves in 

the Bovalto group were lost to follow up in the booster vac­

cination. From each calf, ten serum samples were obtained 

following the primo vaccination and 3 serum samples were 

obtained following the booster vaccination. No BRD asso­

ciated diseases were recorded during the study. The mean 

serum titres per calf group are described in Table 1 and 

Figures 1 through 4.

The number and percentage of calves with serum SN 

titres for BRSV > 16 is described in Table 2. Over the com­

plete study period, after the primo vaccination, 83 % of 

Bovilis Bovipast RSP® vaccinated calves, 31 % of Bovalto 3® 

vaccinated calves and 20 % of control calves had seroneu- 

tralisation titres > 1 : 16 (4Log2) at one or several sampling 

times. The Bovalto vaccinated calves and the control calves

Table 1. Mean Log 2 serum neutralisations (SN) titres for Bovine Respiratory Syncytial Virus (BRSV) and ELISA 
optic density (OD) measures for BRSV, Bovine Parainfluenza 3 (BPI3) and Mannheimia haemolytica (Mh)

Months after T0. Mean Log2 SN titres for BRSV

T0 T0+0.5 T0+1 T0+1.5 T0+2 T0+2.5 T0+3 T0+4 T0+5 T0+6 T10 T10+0.5 T10+1

BRSV Bovipast 1.7 1.9 1.3 2.9 2.6 2.8 2.7 2.6 2.5 1.9 1.3 5.3 4.2

BRSV Bovalto 2.8 2.4 1.9 1.9 1.8 1.5 1.3 0.8 0.7 0.7 0.5 1.2 1.2

BRSV Control 3.4 2.0 1.4 1.8 0.8 0.6 0.2 0.0 0.0 0.4 0.6 0.8 0.2

Agent
Months after T0. Mean ELISA OD for BRSV

Group
T0 T0+0.5 T0+1 T0+1.5 T0+2 T0+2.5 T0+3 T0+4 T0+5 T0+6 T10 T10+0.5 T10+1

BRSV Bovipast 45.6 35.7 32.6 87.9 78.2 76.0 75.9 64.2 50.2 38.4 45.9 106.1 109.1

BRSV Bovalto 50.6 41.3 42.3 60.2 45.4 37.9 40.0 37.2 27.6 20.5 34.6 86.8 85.3

BRSV Control 64.1 48.1 36.3 33.2 26.8 16.1 22.7 11.3 18.3 12.0 17.8 16.1 12.9

Months after T0. Mean ELISA OD for BPI3
Agent Group

T0 T0+0.5 T0+1 T0+1.5 T0+2 T0+2.5 T0+3 T0+4 T0+5 T0+6 T10 T10+0.5 T10+1

BPI3 Bovipast 56.6 60.9 77.0 131.0 123.3 115.4 108.7 89.1 73.3 62.2 100.9 130.8 123.3

BPI3 Bovalto 72.5 71.4 73.1 115.8 102.0 82.4 78.7 73.3 68.4 56.4 99.7 116.8 118.3

BPI3 Control 69.9 58.2 50.0 34.0 34.0 23.4 42.1 70.2 60.3 40.2 105.4 115.7 106.7

Months after T0. Mean ELISA OD for Mh
Agent Group

T0 T0+0.5 T0+1 T0+1.5 T0+2 T0+2.5 T0+3 T0+4 T0+5 T0+6 T10 T10+0.5 T10+1

MH Bovipast 59.6 47.0 41.1 42.5 41.3 46.0 54.2 138.3 183.2 210.1 80.8 99.1 87.3

MH Bovalto 74.1 67.9 42.3 34.8 31.7 44.1 48.5 120.2 162.2 174.3 78.3 91.8 79.4

MH Control 57.1 48.5 37.5 33.0 25.2 27.1 24.1 42.5 117.4 114.1 64.9 69.7 60.8

23



Table 2. Number of calves tested and percentage of calves that had serum neutralisations (SN) 
titres) > 16 to Bovine Respiratory Syncytial Virus (BRSV)

Group N TO T0+0.5 T0+1 TO+1.5 TO+2 TO+2.5 TO+3 TO+4 TO+5 TO+6 N T1O T10+0.5 T10+1

Bovipast 12 8 % 17 % 0 % 50 % 33 % 33 % 50 % 42 % 25 % 17 % 12 0 % 83 % 66 %

Bovalto 13 31% 31 % 23 % 23 % 15 % 0 % 0 % 0 % 0 % 0 % 11 0 % 0% 0 %

Control 5 60 % 20 % 20 % 20 % 0 % 0 % 0 % 0 % 0 % 0 % 5 0 % 0 % 0 %

Table 3. Least square Means (LSM) from General Linear Models (GLM) 
of Area Under the Curve (AUC) 1 months to 6 months after primo vaccination with multivalent BRD vaccines 

using serum Log 2 SN titres for BRSV and ELISA OD for BRSV. BPI3 and Mh

Serum test Value LSM S.E P-value Lower CI Higher CI Sign diff

BRSV SN Control 2.3 2.4 ref. -2.5 7.0 b

BRSV SN Bovalto 5.6 1.4 0.25 2.8 8.3 b

BRSV SN Bovipast 12.9 1.5 <  0.01 9.9 15.9 a

BRSV ELISA Control 76.3 40.6 ref. -3.2 155.8 b

BRSV ELISA Bovalto 180.4 23.3 0.03 134.7 226.1 b

BRSV ELISA Bovipast 322.9 40.6 <  0.01 243.4 402.4 a

BPI3 ELISA Control 220.5 50.6 ref. 121.2 319.7 c

BPI3 ELISA Bovalto 387.4 29.3 <  0.01 330.0 444.9 b

BPI3 ELISA Bovipast 485.0 32.0 <  0.01 422.3 547.7 a

Mh ELISA Control 293.1 64.6 ref. 166.5 419.8 b

Mh ELISA Bovalto 479.7 38.1 0.02 405.2 554.3 a

Mh ELISA Bovipast 521.7 41.7 <0.01 440.0 603.5 a

had elevated titres only during the first month after vac­

cination, and no antibodies detected thereafter, indicating 

that the titres might have been residual colostral antibod­

ies. After the booster vaccination, 83 % of the Bovipast vac­

cinated calves seroconverted, whereas no calves in Bovalto 

or control group seroconverted.

The baseline serum titres for BRSV SN, BRSV ELI­

SA, BPI3 ELISA and Mh ELISA (AUC-base) at the time 

of the first and second injection of the primo vaccination 

(Table 1) were not significantly different between groups, 

and there was no significant influence of age at vaccination 

(T0-age) on AUC-base (analysed separately in 4 separate 

GLM models, models not shown, can be obtained upon 

request).

The primo vaccination resulted in varied vaccination 

response in the groups in the period T0+1m to T0+6m 

(Table 1) for the various agents. Four separate GLMs

evaluated the AUC-primo with AUC-base and T0-age as 

covariates (Table 3). BRSV Log2 SN AUC-primo was sig­

nificantly higher in Bovipast vaccinated calves (12.9) com­

pared to Bovalto vaccinated calves (5.6) and control calves 

(2.3). Similarly, BRSV ELISA AUC-primo was significantly 

higher in Bovipast vaccinated calves (322.9) compared to 

Bovalto vaccinated calves (180.4) and control calves (76.3). 

BPI3 ELISA AUC-primo was significantly higher in Bo­

vipast vaccinated calves (485.0) compared to Bovalto vac­

cinated calves (387.4) and both were significantly higher 

than control calves (220.5). Mh ELISA AUC-primo was 

significantly higher in Bovipast vaccinated calves (521.7) 

and Bovalto vaccinated calves (479.7) compared to control 

calves (293.1).

The booster vaccination (AUC-booster) GLMs ac­

counted for the titre at the booster vaccination (T-booster) 

(Table 4). BRSV Log2 SN AUC-booster was significantly
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Table 4. Least square Means (LSM) from General Linear Models (GLM) 
of Area Under the Curve (AUC) 1 month after booster vaccination with multivalent BRD vaccines 

using serum Log 2 SN titres for BRSV and ELISA OD for BRSV. BPI3 and Mha

Serum test Value LSM S.E P-value Lower CI Higher CI Sign diff

BRSV SN Control 0.8 0.4 ref. -0.1 1.7 b

BRSV SN Bovalto 1.2 0.3 0.40 0.6 1.8 b

BRSV SN Bovipast 3.7 0.3 <0.01 3.2 4.3 a

BRSV ELISA Control 23.4 5.4 ref. 12.9 33.9 b

BRSV ELISA Bovalto 74.1 3.4 <0.01 67.5 80.7 a

BRSV ELISA Bovipast 87.9 3.4 <0.01 81.3 94.5 a

BPI3 ELISA Control 109.9 2.6 ref. 104.8 115.0 b

BPI3 ELISA Bovalto 113.2 1.8 0.30 109.8 116.6 b

BPI3 ELISA Bovipast 121.5 1.7 <0.01 118.2 124.8 a

Mh ELISA Control 74.1 4.7 ref. 64.9 83.4 b

Mh ELISA Bovalto 84.5 3.1 0.08 78.3 90.6 ab

Mh ELISA Bovipast 89.1 3.0 0.01 83.2 95.0 a

Fig. 1. Log 2 serum neutralisation titres against Bovine Respiratory 
Syncytial Virus in serum from calves vaccinated with multivalent 

bovine respiratory disease vaccines

Fig. 2. Bovine Respiratory Syncytial Virus ELISA optic density 
measures in serum from calves vaccinated with multivalent bovine 

respiratory disease vaccines

Fig. 3. Bovine Parainfluenza 3 ELISA optic density measures in Fig. 4. Mannheimia haemolytica optic density measures in serum
serum from calves vaccinated with multivalent bovine respiratory from calves vaccinated with multivalent bovine respiratory disease

disease vaccines vaccines
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higher in Bovipast vaccinated calves (3.7) compared to 

Bovalto vaccinated calves (1.2) and control calves (0.8). 

For BRSV ELISA AUC-booster, both Bovipast vaccinat­

ed calves (87.9) and Bovalto vaccinated calves (74.1) were 

significantly higher than control calves (23.4). BPI3 ELISA 

AUC-booster was significantly higher in Bovipast vacci­

nated calves (121.5) compared to Bovalto vaccinated calves 

(113.2) and control calves (109.9). Mh ELISA AUC-boost­

er was significantly higher in Bovipast vaccinated calves 

(89.1) compared to control calves (74.1), whereas Boval­

to vaccinated calves (84.5) were not significantly different 

from either group.

DISCUSSION

During the past few years, an increasing number of 

vaccines against BRD have been available on the European 

market and good availability of vaccines is a high priority 

in the European Union [10]. As most BRD vaccines have 

similar indications, it is not easy for veterinary practition­

ers and farmers to make evidence-based vaccine choices 

[8]. Meaningful comparisons between vaccines can only be 

done if the vaccines are tested under similar conditions. 

The Federation of Veterinarians in Europe has empha­

sized that vaccines are important to reduce antimicrobial 

use, but that there are lacking studies performed in dairy 

calves and lacking good field trials with natural exposure 

to pathogens [12]. In this study, 2 multivalent inactivated 

vaccines with similar pathogen spectra and adjuvants have 

been tested under field conditions as this is the most repre­

sentative for the real situation.

The overall lack of respiratory disease in the calves in 

this study did not allow for evaluation of reduction in res­

piratory diseases between the vaccines and controls. Vac­

cines can be defined as generally effective if they prevent 

the disease which can only be proven by clinical and im­

munological efficacy studies. These studies are relatively 

expensive and are not fully in line with the Replacement, 

Reduction, Refinement principle of performing animal 

experiments [21]. However, serum antibody titres can be 

quite easily measured and the seroneutralisation assay 

used in this study for BRSV can to a certain extent indicate 

biological activity of the antibodies as this assay indicates 

that infectious agents are truly neutralized. Neutralizing 

antibodies are an integral part of the immune system and

provide protection against many disease pathogens. Meas­

urement of neutralizing antibodies provides an indication 

of the level of protection present in an animal and has been 

correlated with disease protection [14]. A four-fold serum 

antibody titre increase is often used as an indication of an 

appropriate vaccination response. However, this rule of 

thumb may seriously impact vaccination response in in­

dividuals with a high titre at the start of vaccination, and 

therefore a more flexible regression modelling approach 

may be preferable [1]. These SN tests may be preferable to 

evaluate immunity compared to simply quantitative tests 

such as the enzyme-linked immunosorbent assay (ELISA) 

that are not all specific for neutralizing antibodies or spe­

cific vaccines antigens. We were unable to find a reliable 

SN test for BPI3. Thus, in this study we used SN for BRSV, 

and the commercially available ELISA test K369 (BioX) 

for the 3 pathogens. Other facets of the immune system, 

particularly those related to cell-mediated immunity, may 

be of equal or greater importance in the control of viral 

pathogens. However, measuring cell-mediated immunity 

is expensive and cumbersome in field conditions with large 

numbers of animals and logistic limitations.

This field study indicated that BRSV SN response was 

different between the two vaccines and over time. Sero­

conversion indicated that higher percentage of Bovipast 

vaccinated calves seroconverted compared to the Bovalto 

vaccinated calves and the negative control calves. Only the 

Bovipast vaccinated calves show a high seroconversion rate 

after the booster vaccination. A reason for the failure of the 

seroconversion in the Bovalto group at the booster vacci­

nation at 9-11 months of age may be the inhibition of prim­

ing by maternal antibodies in the passively immune calves 

[7]. Since seroconversion as measured at a single time may 

not well describe the temporal immunity of calves follow­

ing vaccination and it is based upon an arbitrary cut point, 

this outcome was not further analysed statistically.

For further statistical analysis, the area under the curve 

from the second dose of primo vaccination until 6 months 

after the primo vaccination and one month after the boost­

er vaccination was used. The AUC analysis indicated sig­

nificantly higher BRSV antibody response in Bovipast vac­

cinated calves compared to Bovalto vaccinated calves and 

the negative control calves. The Bovalto vaccination was 

not significantly better than control. It may be claimed that 

there was a possible influence of colostral antibodies on the 

vaccination results as the BRSV titre at the first injection

26



was numerically higher in the Bovalto group compared to 

the Bovipast group. However, the statistical model shows 

that the AUC base titres were not significantly different 

between groups. Furthermore, the general linear model 

of AUC-primo was not significantly associated with AUC- 

base titres or age of calf at the primo vaccination.

Overall, this field study indicated elevated neutralising 

and humoral immunity to BRSV in Bovipast vaccinated 

calves after the primo and booster vaccinations, whereas 

Bovalto vaccinated calves had no significantly elevated 

titres compared to negative control calves. The humoral 

immunity to PBI3 was elevated after the primo vaccina­

tion in Bovipast and Bovalto vaccinated calves compared 

to negative control calves, however the humoral immunity 

decreased over the 6 months post-vaccination to levels of 

negative control calves and a significant elevation of hu­

moral BPI3 immunity was detected only in Bovipast vac­

cinated calves after the booster vaccination. However, the 

BPI3 titres of the negative control calves also increased 

between 2.5 and 4 months, possibly indicating a natural 

infection. The humoral immunity against Mh was gradu­

ally increasing 2 months post-vaccination in Bovipast and 

Bovalto vaccinated calves most likely in response to a nat­

ural infection as a similar increase is also happening in the 

control group (Diagram 4). The absence of increasing titres 

for Mh after the primo vaccination may be explained by 

2 reasons. The first hypothesis is a total or partly inhibition 

of the primo vaccination due to a high level of passive im­

munity received via colostrum. The second hypothesis is 

a difference in antigens between the ELISA BioX kits and 

the vaccines without cross detection. The latter hypothesis 

is most probably the most plausible as from previous testing 

(not published) and information from the developer of the 

BioX test kits (personal communication BioX), we know 

that ELISA BioX K369 and K139 are appropriate diagnos­

tic kits to detect a natural infection but not always to detect 

responses to vaccination. The ELISA BioX kits are based on 

an LPS virulence factor of Mh which is most probably not 

present as antigen in the vaccines. This has been confirmed 

with an ELISA test that has been specifically developed to 

detect IRP antigens present in Bovipast. When analysing 

the samples of the Bovipast vaccinated animals with this 

specific ELISA in-house test, Mh primo vaccination and 

booster humoral significant responses could be confirmed 

(supplementary data can be obtained from corresponding 

author upon request). As for Bovipast, a specific ELISA test

detecting antigens present in Bovalto could give a similar 

result. Based on these Mh results, it is very important to 

underline those commercial kits, BioX K369 and K139, are 

not able to detect if animals have been vaccinated and to 

estimate or compare vaccine responses. Additionally, these 

results indicate that it is important to know which antigens 

are in the vaccine as well as in the ELISA kit. Some Mh vac­

cines are based on capsular antigens, whereas some others 

on specific virulence factors (IRP, leukotoxins).

At the booster vaccination (AUC-booster), there was 

evidence of a memory response for BRSV, BPI3 but not for 

Mh for both vaccines. However, the lack of Mh increasing 

titres at booster vaccination may again be explained by the 

used ELISA kit as explained before (based on specific LPS 

Mh antigen). On the other hand, for the BRSV seroneu- 

tralisation response at booster, there was a significant lack 

of response in the Bovalto group. This can be explained by 

several hypotheses:

1. No cross neutralization response between vaccine 

strain and lab test strain. It may be interesting to repeat 

the seroneutralisation tests with several current strains for 

which BRSV and BPI3 cross protection is expected [23];

2. Denaturation of immunogenic antigens during the 

inactivation process of the vaccine strain [24];

3. Inhibition of priming humoral immunity and long 

cell-mediated memory in field condition by maternal anti­

bodies;

4. Antigen mass and adjuvant quality and quantities 

are not appropriate to give a detectable response in the 

current conditions.

The antigen origin and mass in both vaccines are differ­

ent. The 2 adjuvants in the vaccines (Quil A and Alumin­

ium hydroxide) are the same, however the concentration 

and absolute volume per dose is different, e. g., Quil A ad­

juvant can activate both the cell mediated and the antibody 

mediated immune responses to a broad range of viral, 

bacterial, parasitic and tumour antigens [22]. One dose of 

Bovipast contains more Quil A than one dose of Bovalto, 

which may contribute to overcoming the inhibitory effects 

of maternally derived antibodies on the vaccine immune 

response.

There are limited studies documenting the efficacy of 

calf immunization in the presence of maternal antibody 

protection. It has been described that passive immunity 

might interfere with the induction of an active immune 

response after vaccination [2, 16]. However, some vaccines
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are effective in young calves, even in the presence of mater­

nal antibodies [19, 24]. One study evaluated virus excretion 

and seroconversion following calves with maternal BRSV 

immunity receiving single dose of either live vaccine, in­

activated vaccine, or negative control [19]. It was noticed 

that the virus excretion was reduced, and seroconversion 

was highest in the calves having received the inactivated 

vaccine. Another study indicated that, despite the lack of 

BRSV seroconversion following the administration of an 

inactivated vaccine, the vaccination of calves with mater­

nal antibody protection can results in lower virus shed­

ding and clinical signs of disease [20]. A good response 

following Bovipast vaccination in the presence of mater­

nally derived antibodies has been described where a single 

vaccination with Bovipast was able to break through the 

maternal antibody immunity, prime the cellular immune 

response and induce partial protection in young calves 

[24]. This study further confirms that Bovipast vaccination 

can create a neutralising immune response to BRSV in the 

presence of maternal antibodies.

No significant BRSV neutralizing response was ob­

served in conventional calves vaccinated with Bovalto 

despite the presence of the maternal antibodies at vacci­

nation. However, vaccination with Bovalto might still pro­

vide partial clinical protection as it might induce cellular 

immunity. The latter has not been measured in this study 

as explained before. It has been described that in presence 

of the maternal antibodies, intranasal vaccines or natural 

infections can induce cellular immunity without neutral­

ising antibodies; reduce excretion and prime neutralizing 

response when a homologous or heterologous booster is 

done with an injectable vaccine or at new natural exposure 

[9, 11, 17]. A fairly new approach in comparative vaccinol- 

ogy is the heterologous prime-boost method of immuniza­

tion, using different forms of an antigen, administered by 

different routes to broaden and extend immune respons­

es [17]. Heterologous boost with adjuvanted inactivated 

parenteral BRSV vaccines may provide a better boosting 

response for mucosal primed calves with an intranasal at­

tenuated vaccine [6, 11].

From this and other studies, it is clear that Bovipast pri- 

mo vaccination in young calves could induce a long mem­

ory and regenerate quickly neutralizing antibodies when 

a booster is done: 9 to 11 months in this study, until 12 

months in another study [19] or in case of natural exposure 

which often occurs in the field.

CONCLUSIONS

Seroneutralisation tests are able to evaluate a part of 

protective immunity in contrast to some ELISA kits that 

could detect or not specific neutralizing antibodies (false 

positive) or specific vaccine antigens. Under field condi­

tions, it is hard to evaluate and compare immunity induced 

by vaccines based on diverse ELISA kits that are currently 

on the market. There is a need to develop more appropriate 

tests to measure vaccine immunity in the field.

In addition, significant differences were found in sero­

logical values after Bovilis® Bovipast RSP vs. Bovalto® Respi 

3 vaccination, supporting the notion that despite contain­

ing antigens targeting the same pathogens, immunogenici- 

ty of vaccines can be very different.
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